The current experiment investigated whether better-ear glimpsing can explain the spatial release achieved by normal-hearing adults when situations are high in informational masking. Both modeling and behavioral methods were used. The speech reception thresholds of 38 young adults were measured for co-located, spatially separated and two better-ear glimpsed conditions. In the better-ear glimpsed conditions the binaural signals were processed so that in each time-frequency segment, the signal with the better SNR (left or right ear) was presented diotically. To investigate the effect of widening auditory filters on better-ear glimpsing, adjacent frequency bands were combined in one of the better-ear glimpsing conditions. Twenty-two participants were tested with maskers high in informational masking, while 16 participants were tested with maskers lower in informational masking. The mean speech reception thresholds achieved in the glimpsed conditions were significantly worse than in the spatially separated condition. This suggests that better-ear glimpsing can explain some but not all of the observed spatial release from masking. The difference between performance in the spatially separated and glimpsed conditions was largest when informational masking was high, suggesting better-ear glimpsing may release energetic rather than informational masking. Reducing the number of frequency bands sampled had a small effect on performance.
The current experiment investigated whether better-ear glimpsing can explain the spatial release achieved by normal-hearing adults when situations are high in informational masking. Both modeling and behavioral methods were used. The speech reception thresholds of 38 young adults were measured for co-located, spatially separated and two better-ear glimpsed conditions. In the better-ear glimpsed conditions the binaural signals were processed so that in each time-frequency segment, the signal with the better SNR (left or right ear) was presented diotically. To investigate the effect of widening auditory filters on better-ear glimpsing, adjacent frequency bands were combined in one of the better-ear glimpsing conditions. Twenty-two participants were tested with maskers high in informational masking, while 16 participants were tested with maskers lower in informational masking. The mean speech reception thresholds achieved in the glimpsed conditions were significantly worse than in the spatially separated condition. This suggests that better-ear glimpsing can explain some but not all of the observed spatial release from masking. The difference between performance in the spatially separated and glimpsed conditions was largest when informational masking was high, suggesting better-ear glimpsing may release energetic rather than informational masking. Reducing the number of frequency bands sampled had a small effect on performance. V C 2013 Acoustical Society of America. Spatial angular separation between target and distracting speech in the horizontal plane provides normal-hearing adults with a release from masking. This allows them to understand the target speech at far more unfavorable signalto-noise ratios (SNR) than if target and distracting speech emanate from the same location. Though release from masking can be achieved based on other types of cues, such as vocal differences, spatial separation is thought to be one of the strongest cues available to aid in stream segregation (Bregman, 1990) .
Spatial separation gives rise to interaural time differences (ITDs) and interaural level differences (ILDs) which can be used by the auditory system in a number of ways. Binaural information is combined at multiple levels in the brainstem including the superior olivary complex, lateral lemniscus, and inferior colliculus (Moore, 1991) . When binaural information is combined, ITDs and ILDs are used to provide the brain with a less noisy representation of the auditory environment, a process commonly referred to as binaural unmasking (Dillon, 2012) .
ILDs can also be used to achieve a release from masking separate from binaural unmasking. Zurek (1993) proposed a model for understanding speech in spatially separated noise, a central component of which utilizes the head shadow effect through a mechanism that can be referred to as better-ear glimpsing. In this model the auditory system attends to the information from the ear with the better SNR at each specific point in time. Zurek further hypothesized that this process may possibly be done separately for each auditory frequency band, resulting in a central representation comprised of the better SNR in each band, from either ear, for each point in time.
As Zurek's model was based on situations with only one distracting sound source it was largely immaterial whether the auditory system does in fact sample from individual auditory bands in a time-varying manner or alternatively from the ear with the overall better SNR, as in his scenario the ear with the better overall SNR would also be the ear for which all bands contained the better SNR at all times. However, this interchangeability does not necessarily exist once there is more than one sound source and these sources are symmetrically distributed around the listener's head. Edmonds and Culling (2006) investigated whether the auditory system is capable of sampling SNR on a band-byband basis. When both target and interfering speech were spectrally divided into two frequency bands, and the high frequency band of the target and the low frequency band of the distracter were presented to one ear while the opposite bands were presented to the other ear, participants performed more poorly than when the non-split signals (i.e., target to one ear and interfering speech to the opposite ear) were presented. They concluded that had participants been able to process the stimuli using a better-band rule the performance on the swapped and dichotic conditions should have been equal. However, earlier work by Brungart et al. (2005) suggests that band-by-band processing is at least plausible. Using Zurek's (1993) model of speech intelligibility they were able to explain how maskers with spectral notches at different frequencies in each ear led to improved SNRs and better speech reception. Therefore, ruling out the possibility of band-by-band processing seems premature.
Regardless of whether better-ear glimpsing works on a band basis or an ear basis, the relative contribution of betterear glimpsing to spatial release from masking (SRM) remains unclear. This is in part due to the fact that different spatial configurations and test materials give rise to different ITDs and ILDs and therefore the importance of binaural analysis versus better-ear processing may vary depending on the research paradigm or real-life situation.
For instance, the proportional contribution of better-ear listening is greatly reduced when maskers are predominantly informational in nature, compared to when maskers are high in energetic masking. Kidd et al. (1998) investigated the contribution of binaural analysis and a static better-ear effect (i.e., where one ear always has the better SNR) to spatial release from masking using a pattern identification experiment. Normal-hearing adults were tasked with identifying a target pattern in the presence of either a Gaussian noise masker or a multi-tone complex which differed spectrally from the target. The location of the target and masker varied such that spatial separation between the two ranged from 0 to 180
. As there was only one masker, they were able to determine the optimal benefit which could be achieved through better-ear glimpsing by measuring the improvement in SNR provided by the head shadow effect for each spatial separation. They concluded that, in situations where the masker was high in energetic masking, better-ear listening accounted for most of the SRM measured. Yet, when the masker was predominantly informational in nature, the improvements in SNR due to the head shadow effect were significantly smaller than the SRM obtained by their participants. It is important to bear in mind that these findings are based on a situation where only one masker is present and, as mentioned earlier, this situation results in the ear furthest from the masker always being the better ear.
Recent work by Culling and Mansell (2013) suggests that the better-ear glimpsing process may still be a significant contributor to SRM when two maskers are present. By using modulated speech-shaped noises which were presented out of phase from either side of the listener they demonstrated that participants were able to use better-ear glimpsing to maintain SRM. However, they demonstrated that a level of sluggishness exists within the binaural system which likely limits the speed at which glimpsing between the ears can occur. Therefore, using static better-ear results as a representation of the best case scenario for better-ear glimpsing (as was done in the Kidd et al. experiment discussed above) is likely to be an overestimate of the contribution better-ear glimpsing could make.
Comparisons between monaural listening and binaural listening results have been used to suggest binaural unmasking is the primary contributor to SRM when maskers are symmetrically placed. Marrone et al. (2008b) argued that if better-ear glimpsing was contributing to SRM when two maskers are present then, when one ear was occluded to create a monaural listening condition, there should still be evidence of benefit from spatial separation. Their data demonstrated no significant release from masking in the monaural condition and as such they concluded binaural analysis was the dominant contributor. However, if the auditory system uses a better-band paradigm, occluding one ear may remove access to some of the better bands. It is also possible that it is the presence of some of the worse bands in the monaural signal that disadvantaged the listener and affects the SRM.
To prevent the potential problems of occluding one ear, Brungart and Iyer (2012) used a different experimental approach to determine whether better-ear glimpsing could adequately explain the spatial benefit provided by symmetrically placed maskers with a frontal target in normal-hearing adults. They created test stimuli in which the better-ear glimpsing had been completed before presentation to the listener. This involved taking spatially processed masking stimuli (passages from "Wealth of Nations"), analyzing the intensity level at each ear on a band by band basis in short time segments, and then constructing a better-ear stimulus from the bands with the lowest intensity level (i.e., resulting in the better SNR), termed the "better ear" stimulus. The unused bands were combined into a "worse ear" stimulus. These modified stimuli were then presented dichotically as distracting speech and performance on the Modified Rhyme Task was compared to that achieved with the original spatialized stimuli. Results showed that performance with the better-ear stimulus was equal to that obtained with the spatialized stimuli, thus demonstrating the benefits of better-ear glimpsing.
Brungart and Iyer (2012) intentionally used a speech task with relatively little informational masking. Participants were required to identify a single word embedded in a fixed position in a carrier phrase spoken by a male talker. The continuous discourse distracters were voiced by different male talkers, resulting in comparatively low confusability. The authors cautioned that the generalizability of this result to stimuli with different levels of informational masking is unknown. As such, the research reported here expanded on the work of Brungart and Iyer (2012) and examined if better-ear glimpsing could explain the amount of SRM achieved by normal-hearing adults when the test paradigm is high in informational masking. The Listening in Spatialized Noise-Sentences test (LiSN-S; Cameron and Dillon, 2007) contains more informational masking overall than the materials used by Brungart and Iyer (2012) , and includes two levels of informational masking by using the same or different voices for the distracters and target speech.
Given the benefit from better-ear glimpsing that Brungart and Iyer (2012) demonstrated in normal-hearing adults, it is interesting to consider how this ability may be affected by sensorineural hearing loss. Research has shown that hearing-impaired adults have reduced spatial release from masking compared to normal-hearing adults (e.g., Gelfand et al., 1988; Dubno et al., 2002; Arbogast et al., 2005; Marrone et al., 2008a; Glyde et al., 2013) . While some of these deficits can be explained by differences in audibility, the basis of the remaining deficits is unclear (Arbogast et al., 2005) . Reduced benefit from better-ear glimpsing is one potential explanation. Sensorineural hearing loss is associated with a range of physiological changes in the auditory system, including widening of the auditory bands in the cochlea which reduces frequency resolution (de Boer and Bouwmeester, 1974) . In terms of better-ear glimpsing, if selection of the better-ear signal does indeed take place on a band-by-band basis, these wider auditory bands would reduce the resolution of the glimpsing and potentially reduce the SNR benefit. Because of the numerous effects of sensorineural hearing loss isolating the effects of wider auditory bands can be difficult. One way to explore the effects of wider auditory bands is to simulate this in people with normal hearing.
A. Aims
The present study aimed to investigate whether betterear glimpsing can explain the spatial release from masking achieved by normal-hearing adults when materials with high informational masking are used. Two types of maskers, one high in informational masking and one lower in informational masking, were used. In addition, the effect of widening auditory filters, to simulate the loss of frequency resolution experienced by people with hearing impairment, on better-ear glimpsing was examined. Both modeling and behavioral testing were used to achieve these aims. Including both methods allows for an objective and subjective analysis of the role of better-ear glimpsing.
II. BETTER-EAR GLIMPSING MODEL
To evaluate the extent to which better-ear glimpsing may account for spatial release from masking, a better-ear glimpsing model was implemented similar to the one described by Brungart and Iyer (2012) . The model implementation is described in Sec. II A and a signal processing-based analysis of the expected spatial benefit is given in Sec. II B. The model was also applied to generate stimuli for the speech intelligibility experiment described in Sec. III, where the effect of better-ear glimpsing is evaluated subjectively.
A. Model implementation
The signal processing of the applied better-ear glimpsing model is illustrated in Fig. 1 . The left and right ear input signals are processed by a normal hearing (NH) auditory bandpass (BP) filterbank. The power spectra of the individual BP filters as approximated by the power spectrum of Gammatone filters with a bandwidth of one equivalent rectangular bandwidth (ERB; Glasberg and Moore, 1990 ), which is analytically described by Patterson et al. (1988) . The BP filters were realized by linear-phase finite impulse response (FIR) filters with a length of 2048 samples at a sampling frequency of f s ¼ 44.1 kHz. Forty-five filters (L ¼ 45) were applied with a spacing of one ERB covering a frequency range of 100-22 050 Hz. In each frequency channel the output signals are multiplied with a 20-ms long sliding time (Hanning) window W time with a total duration of 20 ms to achieve a short-term frequency analysis. For each windowed time signal the RMS value is calculated, compared across ears, and only the ear-signal with the lower RMS value is kept. In the case that the target speech is presented from the front (i.e., the two corresponding ear signals are very similar) and a number of fluctuating (speech) distractors are presented from different spatial directions (i.e., providing different spectra at the two ears due to the head shadow effect), such processing always picks the ear with the better SNR. Hence, a dynamic switching between the left and right ear signals is performed separately for each frequency channel to realize the better-ear glimpsing process. The resulting output signals are summed across frequency-channel and time to form an enhanced mono output signal. For the stimuli used in the experiment described in Sec. III, this mono signal was applied to both ears to provide a diotic presentation.
To evaluate the potential effect of reduced frequency selectivity [as observed in most hearing impaired (HI) listeners] on better-ear glimpsing, a HI version of the better-ear glimpsing model was realized. Increased auditory filter bandwidths were simulated by combining a number of neighboring frequency channels and thereby reducing the overall number of channels. The increase in bandwidth was calculated by applying the equations provided by Moore et al. (1996) to the average hearing loss considered in Glyde et al. (2013) and given in Table I . The resulting band widening factors (i.e., the number of NH auditory filters that were combined to derive the HI filterbank), g B , are summarized in Table I as a function of standard audiometric frequencies, f A .
B. Stimulus generation
To evaluate the spatial processing benefit provided by the better-ear glimpsing model described in Sec. II A, the speech material used in the LiSN-S was applied. Within the LiSN-S, 120 target sentences (organized in 4 blocks of 30 sentences) are presented in an ongoing (looped) two-talker background. Four different signal conditions are considered: (1) Same voices spatially co-located (SV0), (2) same voices spatially separated (SV90), (3) different voices spatially colocated (DV0), and (4) different voices spatially separated (DV90). In all four conditions the target sentences are spoken by the same female talker and presented from the front of the listener (azimuth / T ¼ 0 ). In the same voices conditions the same female talker as used for the target is employed for both distractors and in the different voices conditions two different female talkers are used. In the co-located conditions the two distractors are presented from the front (azimuths / D1 ¼ / D2 ¼ 0 ) and in the spatially separated conditions the distractors are presented from the left and right side of the listener (azimuths / D1 ¼ À90
and / D2 ¼þ90 ). All stimuli are presented to the listeners via equalized headphones and spatialized using nonindividualized Head-Related Transfer-Functions (HRTFs) recorded at the National Acoustic Laboratories. The original HRTFs (described in Cameron et al., 2006) for the front direction (azimuth / ¼ 0 ) were slightly modified here to remove the small differences that would otherwise exist between the two ears due to the slight asymmetry of the Kemar manikin used for the HRTF measurements. This was achieved by applying the right-ear HRTF to both ears.
The stimuli applied throughout this study were created offline by applying the NH and HI version of the better-ear glimpsing model (see Sec. II A) separately to the distractors and target sentences. A sample-by-sample processing (i.e., shifting by one sample of the time window W time in Fig. 1 ) was applied to minimize signal artifacts. Eight stimulus conditions were generated in total as summarized in Table II . Even though the better-ear glimpsing model does not provide any potential benefit for the co-located conditions (conditions 1 and 5 in Table II) , it was applied to include any signal artifacts that are potentially introduced by the model's inherent frequency analysis and resynthesis.
C. Model analysis
In this section the potential benefit of the better-ear glimpsing model (Sec. II A) is analyzed, using the processed LiSN-S stimuli described in Sec. II B. The magnitude spectra of the HRTFs applied in generating these stimuli are shown separately in Fig. 2 for the different azimuth angles and ears. When shifting either of the distractors from the spatially colocated (/ T ¼ 0 , solid line) to the separated condition (/ D ¼ 690
, dashed or dotted lines, respectively), a significant level reduction can be observed at the contralateral ear (as indicated by the gray shaded area). For fluctuating (speech) distractors, this distractor level difference in the contralateral (better) ear illustrates the maximum SNR advantage that can be achieved by the better-ear glimpsing process (i.e., when only one distractor is present at a given time and frequency).
The physical SNR benefit achieved by the better-ear glimpsing model (Sec. II A) is shown in Fig. 3 as a function of frequency for the same voice (left panel) and different voice (right panel) conditions using the stimuli described in Sec. II B. The benefit was calculated as the RMS difference (in dB) between the processed two-talker distractor in the spatially co-located and separated conditions after reapplying the auditory BP filterbank described in Sec. II A. The NH processing is indicated by the solid lines and the HI processing by the dashed lines. Significant spatial SNR benefits of up to 12 dB can be observed at frequencies above approximately 2 kHz, i.e., at frequencies where the headshadow effect is most prominent (e.g., Blauert, 1997) . Comparing the SNR benefits between the model with reduced frequency resolution (i.e., the HI model) and the NH model, only a small decrease in benefit of less than 1.2 dB can be observed. Hence, for the considered two-talker distractor, auditory frequency resolution seems to play only a minor role in better-ear glimpsing. In order to predict the total spatial SNR benefit that is expected in a speech intelligibility experiment, the speech weighted SNR according to Greenberg et al. (1993) can be applied to the frequencydependent SNR benefit given in Fig. 3 . The resulting speechweighted SNR benefits were 5 dB for the NH processing and 4.8 dB for the HI processing, for the different voices condition. For the same voice condition the resulting speechweighted SNR benefit was 4.8 dB for the NH processing and 4.5 dB for the HI processing.
In order to further understand the effect of frequency resolution on the spatial SNR benefit that can be achieved by the better-ear glimpsing model, binary masks identifying the location of the better ear were calculated and are shown in Fig. 4 (dark areas indicate the right ear as the better ear). These example binary masks were calculated from the first 4.5 s of the spatially separated two-talker distractor used in the same voice condition. The upper panel shows the binary mask for the NH model and the lower panel for the HI (reduced frequency resolution) model. In the majority of time instances, the NH mask indicates that the same ear is used across a rather wide frequency range. As a consequence, the HI mask looks very similar to the NH mask and moreover, it is not surprising that only a minor effect of frequency resolution on the spatial SNR benefit was found (see Fig. 3 ). However, in the extreme case that only a single (broadband) frequency channel is applied a reduction of the SNR benefit of up to 6 dB was found (but data not shown here). Considering that significant temporal fluctuations can be observed in the binary masks, it might be expected that the duration of the temporal window W time used in the better-ear processing (Sec. II A) has an effect on the observed spatial SNR improvement. The time window limits the speed of binaural switching and thus simulates binaural sluggishness in the auditory system. No significant effect on the SNR benefit was observed when the duration of the time window was varied between 10 and 100 ms. Hence, a 20-ms long window was used for the stimulus generation (Sec. II B) as it is most commonly applied in short-term frequency analysis of speech. Although a large SNR benefit from better-ear glimpsing was identified by the model testing, it remains unclear whether a similar benefit would be observed in a behavioral experiment. Such a behavioral experiment is described in the remainder of the paper.
III. EXPERIMENTAL MATERIAL AND METHODS

Ethical clearance to conduct this behavioral research was obtained from the Australian Hearing Ethics Committee and the University of Queensland Behavioral and Social Sciences Ethical Review Committee.
A. Participants
Thirty-eight young adults with normal hearing thresholds, defined as 20 dB hearing level (HL) at all octave frequencies between 250 and 8000 Hz, took part in the study. Participants were university students drawn from undergraduate and graduate programs. Participants ranged in age from 18 to 29 yr (mean ¼ 22.9 yr) and all had English as a first language. Participants provided written informed consent prior to testing and received a $20 gratuity to cover any travel costs associated with attending the research appointment.
B. Stimuli and apparatus
The stimuli were the same as those described in Sec. II B and those used for modeling Sec. II C. To allow each participant to be assessed with both the better-ear normal hearing stimuli and the better-ear hearing impaired stimuli as well as on the co-located and spatially separated conditions, without repetition of target sentences, each participant was only tested with either the same voice distractors from the LiSN-S (high in informational masking) or the different voices distractors of the LiSN-S (lower in informational masking). Twenty-two participants were tested with the same voice distractors and will be referred to as the high informational masking group. The high informational masking group was tested on conditions one to four shown in Table II . The remaining 16 participants were tested with the different voices distracters and will be referred to as the reduced informational masking group. The reduced informational masking group was tested on conditions five to eight in Table II . The four LiSN-S sentence lists were counterbalanced between conditions as was the order in which the conditions were undertaken. A MATLAB interface was developed in house to control delivery of the speech stimuli. The MATLAB program was run on a personal computer and the audio output was routed via HD215 Senheisser headphones. Sound levels were calibrated electrically on a daily basis by presenting a 1 kHz calibration tone (for details see Cameron and Dillon, 2007) .
C. Procedure
Testing was conducted in a sound-treated room at either the University of Queensland Audiology Clinic or the National Acoustic Laboratories. The procedure used for scoring and ceasing testing was consistent with that recommended in Cameron and Dillon (2007) . In all four test conditions participants were tasked with repeating the target sentences. If they did not hear the sentence they were encouraged to guess. The researcher scored the responses using whole word scoring and the SNR was adjusted adaptively to calculate the 50% correct speech reception threshold (SRT). Testing in each condition ceased when the standard error was less than 1 dB and at least 17 sentences had been scored or a maximum of 30 sentences had been presented (including a short period of practice).
D. Data analysis
The SRTs in the four conditions were used to derive three advantage measures which quantify the amount of release from masking achieved with the different types of processing. The spatial advantage score was calculated by subtracting the score achieved in the spatially separated condition (either SV90 or DV90 depending on group) from the co-located reference condition (SV0 or DV0). The better-ear advantage score was calculated by subtracting the score achieved in the better-ear normal hearing condition (BENH) from the relevant 0 reference condition. The better-ear hearing-impaired advantage score was calculated by subtracting the score achieved in the better-ear hearing impaired condition (BEHI) from the relevant 0 reference condition. Statistical analyses were conducted using Statistica version 10.
IV. RESULTS
The mean SRTs for the four conditions and the corresponding 95% confidence intervals are shown in Fig. 5 . A within-subject analysis of variance (ANOVA) was conducted for each group with condition as the factor. A significant difference was found to exist between the conditions for both groups [high informational masking group F(3,63) ¼ 161.4, p < 0.001; reduced informational masking group F(3,45) ¼ 50.5, p < 0.001]. Planned comparisons were conducted to investigate whether the BENH condition differed significantly from the 0 condition, whether the BENH condition differed significantly from the 90 condition, and whether the BEHI condition differed significantly from the BENH condition.
A. Better-ear glimpsing in the normal auditory system Performance in the BENH condition was significantly better than the 0 condition [high informational masking F(1,21) ¼ 105.0, p < 0.001; reduced informational masking F(1,15) ¼ 61.2, p < 0.001]. However, the 90 condition still produced better performance than the BENH condition regardless of group [high informational masking F(1,21) ¼ 78.6, p < 0.001; reduced informational masking F(1,15) ¼ 24.4, p < 0.001].
The release from masking scores are shown in Fig. 6 . Looking at the data this way it is evident that the glimpsing advantage is roughly 6 dB smaller than the spatial advantage when informational masking is high but only 2 dB smaller when informational masking is reduced, indicating that the degree to which SRM is achieved through better-ear glimpsing may be affected by the amount of informational masking present.
B. Effect of reduced frequency selectivity on betterear glimpsing
To investigate whether simulated widening of the auditory bands in the cochlea would negatively affect better-ear glimpsing ability, performance in the BEHI and BENH condition was compared. Performance in the BEHI condition was found to be slightly, but significantly, worse than in the BENH condition when informational masking was high [F(1,21) ¼ 6.6, p ¼ 0.017]. The difference between the two conditions did not reach significance when informational masking was reduced [F(1,15) ¼ 2.4, p ¼ 0.143]. When looked at in terms of release from masking the difference between normal auditory filter width and the hearingimpaired simulation did not exceed 2 dB.
V. DISCUSSION
A. Better-ear glimpsing in the normal auditory system When informational masking was high, a mean of 8.2 dB improvement over the co-located condition was seen with the BENH condition, smaller than the 14.6 dB improvement measured in the SV90 condition. This indicates that better-ear glimpsing cannot explain the entire SRM observed when informational masking is high. When the different voices conditions of the LiSN-S, which are lower in informational masking, were used the difference between the SRTs in the spatially separated condition and the BENH condition reduced from 6.4 dB to 1.8 dB.
The behavioral results found with high informational maskers in the present study differ from the results of Brungart and Iyer (2012) who found equal release from masking in a better-ear glimpsing condition as in a spatially separated condition. This difference may be because, as mentioned in Sec. 7.2, Brungart and Iyer (2012) selected maskers which had a low likelihood of being confused with the target material to minimize informational masking. The same voices conditions tested in this study were high in informational masking due to the use of the same female speaker for both the distracting and target speech material. Arbogast et al. (2002) demonstrated SRM is larger when there is informational masking than when the masking is purely energetic masking. Therefore the discrepancy between the two studies may be attributable to poorer performance in our SV0 condition due to the additional informational masking present.
A potential reason that better-ear glimpsing did not explain all of the SRM seen in the present research paradigm was due to the loss of perceived spatial separation. Although we used the head shadow effect in our better-ear processing to improve SNR, the ILDs associated with the head shadow also have the potential to provide spatial separation, which we did not consider in our better ear approach. Moreover, ITDs were removed in our better ear processing which otherwise would have provided both a sense of spatial separation (i.e., enabling each source to be perceived as a separate object) and binaural unmasking. In addition, our BENH distracting stimulus did, subjectively, have a slightly distorted (i.e., phasey) quality due to the fact that the original audio files contained ITDs resulting in small inconsistencies in the timing of the BENH signal. Brungart and Iyer (2012) included a hybrid condition, which restored the interaural time differences to the better-ear glimpsing stimuli, in their experiment and found that it improved performance by approximately 1 dB. Here, due to the increased informational masking, it may be speculated that preserving ITD information might have resulted in a much bigger effect, in particular by providing a sense of spatial separation. Although the 8.2 dB improvement in SRT observed behaviorally in the present study could not explain SRM in its entirety, it was larger than the 4.8 dB benefit predicted by the model discussed in Sec. II C. This discrepancy between modeling and behavioral data is inconsistent with the findings of Brungart and Iyer (2012) , who reported good agreement between the measured benefit from better-ear glimpsing and the estimated benefit calculated using the signal processing-band analysis. The underestimation of the benefit seen here may be attributable to the high weighting given to low-frequency information (due to the large number of auditory channels) by the speech-intelligibility weighted SNR model. Brungart and Iyer (2012) show large SNR benefits below 2 kHz which was not found here. This discrepancy is potentially due to the use of 660
HRTFs in Brungart and Iyer's study, which show an elevated advantage in this frequency range, as opposed to the 690 HRTFs used here. As shown in Fig. 3 , the SNR benefit granted by glimpsing of the stimuli exists predominantly above 2 kHz where the head shadow is strong. Furthermore, the model employed in Sec. II C used a band-importance weighting function based on average speech. This weighting may not accurately reflect the band-importance of the LiSN-S stimuli, in particular the two-talker background noise, which is unknown. The discrepancy between the estimated SNR benefit based on the model and the measured behavioral benefit emphasizes the potential limitations of modeling in relation to SRM.
B. Effect of loss of frequency selectivity on better-ear glimpsing
The present study also aimed to investigate whether broadening of the auditory filters may explain the reduced SRM observed in people with a hearing impairment. Earlier research investigated the SRM hearing-impaired adults obtained using the LiSN-S paradigm (Glyde et al., 2013) . It was found that adults with a 50 dB 4FAHL, the same 4FAHL on which our current widened auditory filterbank was based, showed on average approximately 5 dB SRM with the same-voices stimuli. This 5 dB of SRM was similar to the 6.7 dB of release from masking achieved with the BEHI stimulus. However, given better-ear glimpsing proved to be an inadequate mechanism to explain all normalhearing adults' SRM, one must be cautious when interpreting the hearing-impaired glimpsing results without reference to the normal-hearing glimpsing results.
It is evident from the present study that widened auditory bands do cause a small reduction in the amount of release from masking obtained by adults. The small difference in performance between the BENH and BEHI conditions (0.7 dB for reduced informational masking and 1.4 dB for high informational masking) was broadly consistent with the small difference found in the modeling results in Sec. II C. Given that in the majority of time instances, the NH binary mask (shown in Fig. 4) indicates that the same ear is used across a rather wide frequency range it is not surprising that a reduction in the number of bands sampled had minimal impact on the release from masking achieved. The small reduction in better-ear glimpsing ability may explain some of the reduction in SRM experienced by hearingimpaired people, but it does not seem to be an adequate explanation on its own.
A consideration of the numerous other effects of sensorineural hearing loss and how they may further reduce SRM would be important but is outside the scope of the present study. For instance the hearing-impaired auditory system may exhibit a greater degree of binaural sluggishness than observed in the normal-hearing system, which may further limit the efficiency of better-ear glimpsing in this population. However, the binaural sluggishness involved in better-ear glimpsing, for our present stimuli, is neither known for the normal or impaired auditory system. Extending the duration of the temporal analysis window used in the better-ear glimpsing model from 20 ms to 100 ms (see Sec. II C), i.e., emulating increased binaural sluggishness, had no significant effect on the objective SNR benefit shown in Fig. 3 . Factors such as reduced temporal resolution or impaired temporal fine structure processing (e.g., Hopkins and Moore, 2011) can also not be discounted given the potential importance of ITDs as discussed earlier. Furthermore previous research suggests that reduced audibility is a significant contributor to hearing-impaired adults' limited ability to use spatial cues (e.g., Arbogast et al., 2005) . Taking into account that betterear glimpsing is mainly effective at higher frequencies (see Fig. 3 ) and that most hearing losses show reduced audibility at high frequencies, audibility most likely plays a significant role in spatial release from masking, in particular in betterear glimpsing. It seems likely that a combination of reduced frequency resolution and audibility may have the potential to explain the vast majority of this spatial processing deficit.
It is important to keep in mind the limitations of simulating a reduced number of auditory bands in the signal but then presenting this to people with normal frequency resolution. It is possible that as these modified signals were presented to normal cochleae, the participants were able to perform finer within band analysis to aid in stream segregation than a hearing-impaired adult with reduced frequency resolution would have been able to. Therefore, even though the number of channels which can be utilized for better-ear glimpsing has been limited it would be inaccurate to claim reduced frequency resolution has been completely achieved.
C. Conclusions and limitations
This study has demonstrated that better-ear glimpsing explains a significant portion of the spatial release achieved by adults with normal hearing when situations are high in informational masking. However, the portion of SRM that can be explained by this mechanism is smaller than in cases where less confusability exists between masking and target stimuli. It appears that the energetic masking component is reduced by better-ear glimpsing but not the additional informational masking component.
It should also be noted that, though the current results have shown the role of better-ear glimpsing when target stimuli are presented from 0 azimuth, the contribution of better-ear glimpsing could vary when target stimuli emanate from a position that would give rise to an ITD or ILD. In the model of better ear glimpsing described in Sec. II, the decision as to which ear to select each band from was based on the overall energy content of the band. That is to say, the band with the lowest energy was, by default, the band with the best SNR because the level of the target was equal at both ears. Once the target is positioned differently in the horizontal plane this rule would not hold true. As pointed out by Brungart and Iyer (2012) the auditory system must be able to determine the relative levels and positions of the target and masker for people to perform better-ear glimpsing. Further experimentation with varying target position is needed if we are to better understand the capabilities of the human auditory system in regards to better-ear glimpsing, particularly when the target is not directly in front of the listener.
Finally, this study set out to investigate the effect of widening auditory bands, to simulate loss of frequency resolution, on better-ear glimpsing ability. Experimental and modeling results demonstrate that there is a small drop in release from masking when better-ear glimpsing is accomplished with wider frequency bands. When considered in combination with the effects of reduced audibility this may explain the loss of spatial release from masking observed in hearing-impaired adults.
